The aim of the present study was to evaluate the relationship between ovarian volume (OV) and mean platelet volume (MPV) in women with polycystic ovary syndrome (PCOS). Hormonal parameters and lipid profile of cases, and their relationship to OV were also assessed. Bilateral OV of 210 newly diagnosed PCOS patients and 100 healthy non-hirsute women were measured by ultrasonography. Blood samples were obtained for full blood count, hormone levels and for lipid profiles. It was found that MPV increased gradually as OV increased. This implies a higher risk of hypercoagulability and therefore an increased risk of future cardiovascular disease.
Introduction
Polycystic ovary syndrome (PCOS) is the most common female endocrinopathy, affecting 5-10% of the female population. It is an etiologically heterogeneous condition that involves overproduction of ovarian androgens leading to a heterogeneous range of symptoms, including hirsutism, acne, anovulation and infertility (1) .
There are many reports pointing to causal links between PCOS and cardiovascular disease (CVD). Although the level of risk for CVD remains uncertain in PCOS, there is substantial evidence that insulin resistance, obesity, dyslipidemia, hypertension, hypercoagulable state and markers of abnormal vascular function possibly contribute to increased CVD risk (2) .
Platelets are important in bleeding and coagulation disorders. The mean platelet volume (MPV), an accurate measure of platelet size, is considered a marker and determinant of platelet function. Larger platelets with higher MPV values are hemostatically more reactive and produce higher amounts of the prothrombotic factor Thromboxane A2, increasing propensity to thrombosis (3) . MPV has been reported to be increased in patients with coronary heart disease, diabetes, atherosclerosis, hypertension and PCOS (4) (5) (6) (7) (8) .
This study is the first to investigate the relationship between ovarian volume (OV) and MPV in women with PCOS. Hormonal parameters and lipid profile of cases, and their relationship to OV were also assessed.
Patients and methods
This prospective study was performed between January 2008 and August 2010 at the Department of Obstetrics and Gynecology, Fatih University, Faculty of Medicine. One hundred regularly menstruating healthy non-hirsute, normoovulatory women and 210 newly diagnosed PCOS patients were enrolled into the study for determination of the threshold value of OV for diagnosis of PCOS in Turkish women. All the participants were healthy women without any systemic disease. All women gave informed consent. Approval for this study was obtained from the Local Institutional Review Board of the Faculty of Medicine, Fatih University.
Rotterdam criteria were used for the diagnosis of PCOS (9) . The presence of two of three of the following criteria were used for the diagnosis of PCOS: i) oligo and/or anovulation, ii) clinical and/or biochemical signs of hyperandrogenism, and iii) echographic PCO, after the exclusion of other pathologies with a similar clinical presentation. Any patient known to have hypertension, diabetes, using anti-coagulant therapy or having a propensity to thrombotic or bleeding disorders was excluded from the study group. Cases with a history of ovarian surgery, having received hormonal treatment in the previous 3 months or for PCOS-related treatment before this research were excluded from the study.
Transvaginal ultrasound examination was performed to evaluate the ovaries using a Logic 200 Pro (GE Healthcare, UK) with a 6.5-MHz transvaginal probe. Regularly menstruating women were scanned in the early follicular phase (cycle days 3-5). Oligomenorrheic or amenorrheic women were scanned between days 3 and 5 after a progestin-induced withdrawal bleeding. Three diameters of ovaries were measured. OV was estimated using a simplified formula for the volume of a prolate ellipsoid: V = 0.523 x length x height x width. The mean volume of bilateral ovaries was recorded for study.
Cutoff values for OV were determined by receiver operating characteristics (ROC) curve analysis. Sensitivity against (1 -specificity) was plotted at each level, and the area under the curve (AUC), which reflects the probability of correctly identifying controls and PCOS patients, was calculated. After determination of the cutoff point for a Turkish population, patients with PCOS were divided into three subgroups according to OV. Age, weight and height of all of the cases were recorded and body mass index (BMI) was calculated.
Platelet count and MPV were performed as part of each full blood count. All samples were analyzed on a Beckman/ Coulter MAXM Hematology Analyzer (Beckman Coulter, CA, USA) 2-6 h after collection, to minimize changes in platelet size. The MPV reference range was 7.8-11.0 fL. The other parameters measured in fasting blood samples were glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride, FSH, LH, E2, PRL, TSH, total testosterone and DHEAS.
A power analysis based on MPV values was conducted before recruitment. Using a level of 0.05, a power of 80% and effect size of 0.40, a sample size of 100 individuals per group was required to detect a 10% difference between groups. All the data were analyzed on a personal computer using the SPSS 13.0 for Windows statistical package (SPSS Inc., Chicago, IL, USA). Normal distribution of the measurement values as a convenience were examined graphically using the Shapiro-Wilk test. The data are presented as proportion and the means ± SD. The three PCOS subgroups that were formed according to OV were compared using the Kruskal-Wallis test. Significant differences that were detected in certain parameters were compared using a Bonferoni corrected Mann Whitney U test. Two-tailed p<0.05 was considered statistically significant.
Results
The cutoff value for OV was found to be 6.43 cm 3 in the Turkish population, with 95% sensitivity and 81.2% specificity. The PCOS group was divided into three subgroups according to OV. Forty-two cases having OV <6.43 cm 3 were included into Group 1, 101 cases with OV 6.43-10 cm 3 were taken into Group 2 and 67 cases with larger volumes, >10 cm 3 , were included into Group 3.
The mean age and BMI of the PCOS subgroups were similiar. The BMI of the control group was significantly lower than that of the other groups. Demographic features and mean OV of the groups are shown in Table I .
Hematologic parameters other than MPV were similiar in all subgroups and the control group (Table I) . MPV values were 8.20±1.28, 8.46±0.83, 9.04±1.51 and 9.45±0.89 in the control group, Groups 1, 2 and 3, respectively. The MPV value increased gradually as OV increased, starting from the control group up to Group 3 (Fig. 1 ). There were significant differences between the control group vs. Groups 2 and 3. Although the MPV of Group 1 was higher than the control group, this difference was not statistically significant (Table I) . Comparison of PCOS subgroups to each other revealed significant difference in MPV between Groups 2 and 3 vs. Group 1 (p<0.001) (Table I) .
Hormonal parameters and the lipid profiles of the three PCOS subgroups were similiar. When compared to the control group, there was a significant difference in terms of total testosterone level between Groups 2 and 3 vs. the control group (p=0.004 and p<0.001, respectively) ( Table II) . Comparison of PCOS subgroups to the control group for lipid profiles revealed a significant difference in terms of LDL-C and HDL-C levels. For total cholesterol and trigylceride levels, a significant difference was observed between Groups 1 and 3 vs. the control group (Table III) .
Discussion
The association between amenorrhoea and polycystic ovaries was first described by Stein and Leventhal in 1935 (10) . Since then, many studies of PCOS have been conducted to better understand the ethiopathogenesis and the near/future complications of the disease. It is known that several hormonal parameters and symptoms of the disease worsen as ovarian diameter increases, which has been confirmed by studies using 3D ultrasound and conventional 2D ultrasound (11) (12) (13) .
There are many reports showing the causal links between PCOS and CVD. Several studies suggest an association between PCOS and hypertension, markers of subclinical atherosclerosis and vascular dysfunction, including platelet dysfunction (2, (14) (15) (16) (17) (18) (19) .
In recent years, MPV has gained great attention due to its role in coronary heart disease, diabetes, atherosclerosis, hypertension and other vascular insufficiency states (4) (5) (6) (7) (8) . Although direct evidence for increased thrombotic risk is lacking in PCOS patients, increased propensity to thrombosis is suggested by many studies. A propensity to thrombosis can be corrected by treatment of cases with oral contraceptives or anti-diabetic drugs (20) . In the study of Kebapcilar et al (20) , treatment of PCOS cases with ethinyl estradiol plus cyproterone acetate and metformin regimens resulted in a significant decrease in MPV. Only decreased insulin levels also significantly predicted the reduction of the MPV level. Thus, they speculated that decreased insulin levels may contribute to an additional improvement to a possible thrombosis risk by reducing MPV. The improvement in hypercoagulability was observed in all patients after treatment.
Women with PCOS have abnormalities in the coagulation cascade and the fibrinolytic system (21) . They have low-grade systemic coagulation and fibrinolytic activation. Several studies have demonstrated that subjects with PCOS have markedly impaired platelet responsiveness to NO, irrespective of the presence/absence of obesity. This is a completely distinct additional abnormality of platelet function to the previously described hyperaggregability, which is linked to endothelial dysfunction in such patients (22) .
In a recent study of 48 patients with non-diabetic PCOS and 30 control subjects, it was shown that MPV, WBC and D-dimer levels were increased in PCOS patients, suggesting increased risk for atherosclerosis and CVD in these women (23) . They also found that MPV was positively correlated with insulin levels, DHEAS and free testosterone levels in PCOS patients.
However, it remains uncertain whether PCOS-associated CVD risk is related to OV, similar to the link between androgen levels and OV. To our knowledge, there is no study in the literature concerning the relationship of OV and MPV levels. In this study, a significant relationship was found between OV and MPV in PCOS cases. The larger the ovaries, the higher the MPV, meaning a higher risk of hypercoagulability, and so an increased risk of future CVD. We also detected that in PCOS cases with high OV, total testesterone levels also increased. The increase in MPV value may be attributed to an increase in androgen levels or an increase in the severity of insulin resistance as OV increases. A similiar relationship between OV and lipid profile was not detected. There may be other factors modifying lipid profiles in PCOS cases. There are certain limitations of this study. One is the moderate sample size and the other is the absence of a comparison of different parameters related to PCOS that may effect MPV and coagulation tests. There is evidence for a pathophysiology link between MPV and insulin resistance; therefore, an important limitation of the study is the lack of measurements of serum glucose and insulin concentrations.
In conclusion, increased OV in PCOS patients may be an early sign of cardiovascular or metabolic disease later in life. Further studies are required to clarify the contribution of PCOS and increased OV to the pathogenetic process of the hematologic and coagulation system, and its direct or indirect effects on the cardiovascular system.
